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Direct immunofluorescence (IF) on frozen tissue is the
method of choice for the study of medical renal diseases.
When no glomeruli are available, IF can be performed on the
formalin-fixed paraffin-embedded tissue allocated for light
microscopy after antigen retrieval with proteases. In this
study, the results of IF on frozen tissue (IF-F) and on
deparaffinized, pronase-treated tissue (IF-P) were compared
in 71 renal biopsies representing 12 major renal diseases.
Using IF-P, diagnostic findings were obtained in 100%
of cases of lupus nephritis, acute post-infectious
glomerulonephritis, cryoglobulinemic glomerulonephritis,
fibrillary glomerulonephritis, primary amyloidosis, myeloma
cast nephropathy, and light-chain Fanconi syndrome (LCFS),
88% of cases of immunoglobulin (Ig)A nephropathy, 80%
of cases of light-chain deposition disease, 60% of cases of
membranoproliferative glomerulonephritis type 1, 50% of
cases of idiopathic membranous glomerulopathy (MGN) and
20% of cases of anti-glomerular basement membrane (GBM)
disease. IF-P was less sensitive than IF-F for the detection of
C3 in all disease categories and for the detection of IgG in
cases of MGN and anti-GBM disease. The diagnostic kappa
light-chain staining was demonstrated in 100% of cases of
LCFS by IF-P versus 40% by IF-F. We conclude that IF-P is a
valuable salvage immunohistochemical technique for renal
biopsies lacking adequate cortical sampling for IF-F, and is
superior to IF-F for the diagnosis of LCFS.
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The practice of renal pathology generally requires the
integration of light microscopy, immunohistochemistry,
and electron microscopy. Direct immunofluorescence (IF)
on frozen tissue (IF-F) remains the most widely used
technique of immunohistochemistry. It is simpler, faster,
and more sensitive than the immunoperoxidase methodology
performed on formalin-fixed, paraffin-embedded tissue for
the detection of immune deposits in the kidney. Not
uncommonly, however, glomeruli are not present in the
portion of the biopsy submitted for IF. In this case, formalin-
fixed, paraffin-embedded tissue sections prepared from the
portion of the biopsy allocated for light microscopy can be
used as substrate for IF following antigen retrieval with
proteases such as pepsin, trypsin, or pronase (Streptomyces
griseus).1–3 Our laboratory has used the proteolytic enzyme
pronase for this purpose, according to the technique
originally described by Fogazzi et al.3
In this study, we compare the sensitivity of direct IF on
frozen sections (IF-F) versus paraffin-embedded, pronase-
treated sections (IF-P) for the detection of immune deposits
in 71 renal biopsies from patients with various forms of
medical renal disease.
RESULTS
The mean number of glomeruli sampled was 10 for IF-F and
19 for IF-P. The staining patterns in all 12 categories of renal
disease analyzed were similar for IF-F and IF-P (Figure 1).
Table 1 shows the average intensities of staining in each
disease group for immunoglobulin (Ig)G, IgM, IgA, C3, C1q,
kappa, and lambda. Table 2 summarizes the percentage of
cases in each disease category for which diagnostic IF-P
findings could be obtained.
Except for light-chain Fanconi syndrome (LCFS) cases, the
intensity of staining by IF-P was in general equal to, or
weaker than, that by IF-F and was influenced by the disease
type and the antigen tested. As shown in Table 1, with the
exception of C3, there was a good correlation between the
intensity of staining for the major antigens (within 1þ order
of intensity) by the two methods in lupus nephritis (100%),
cryoglobulinemic glomerulonephritis (100%), fibrillary
glomerulonephritis (100%), myeloma cast nephropathy
(100%), primary amyloidosis (100%), and IgA nephropathy
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(IgAN) (88%). In one of the eight cases of IgAN, staining for
IgA was only trace and non-diagnostic. All cases of kappa
light-chain deposition disease had positive staining for kappa
with negativity for lambda by IF-P, although in three the
staining intensity by IF-P was at least an order of 1þ weaker
than by IF-F.
C3 immunostaining was generally weak or negative by IF-
P. C3 was negative in all five cases of membranoproliferative
glomerulonephritis type 1 and cryoglobulinemic glomerulo-
nephritis and in two of the five cases of acute post-infectious
glomerulonephritis, all three diseases in which C3 is usually
the dominant immune reactant deposited in glomeruli.
Nevertheless, the diagnosis of acute post-infectious
glomerulonephritis could be made in the three cases with
negative C3 by IF-P based on the characteristic granular
pattern of positivity for IgG, and the diagnosis of
membranoproliferative glomerulonephritis could be made
in three cases with negative C3 by IF-P based on the
mesangial and peripheral capillary wall positivity for IgM,
with or without co-deposits of IgG (Table 2).
IF-P was less sensitive than IF-F for detecting the immune
deposits in cases of idiopathic membranous glomerulopathy
(MGN) and anti-glomerular basement membrane (GBM)
disease. IgG was positive in seven of the eight cases of MGN
by IF-P, although the staining intensity was at least 1þ
degree weaker than by IF-F in five cases. In three cases of
MGN the staining for IgG was only trace and focal (non-
diagnostic). Although IgG was positive in all five cases of
anti-GBM disease by IF-P, the staining intensity was only 1þ
in one case and trace (non-diagnostic) in four cases.
IF-P was superior to IF-F in detecting positivity of the
proximal tubular intracytoplasmic crystalline inclusions for
kappa light chain in cases of LCFS. Kappa immunostaining
was positive in only four cases of LCFS by IF-F, whereas it was
a b
dc
e
f
Figure 1 | IF findings in pronase-digested paraffin tissue. (a) Granular global glomerular capillary wall positivity for IgG in a case of
MGN. (b) Global mesangial positivity for IgA in a case of IgAN. (c) Intracapillary protein thrombi staining strongly for IgM in a case
of cryoglobulinemic glomerulonephritis. (d) ‘Smudgy’ mesangial deposits of kappa in a patient with primary amyloidosis, AL kappa type.
(e) Linear tubular basement membrane deposits of kappa light chain in a case of kappa light-chain deposition disease.
(f) Intracellular proximal tubular crystals of kappa light chain in a case of kappa LCFS. (a–f) Original magnification 400.
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positive in all 10 cases by IF-P. The average staining intensity
for kappa in the four cases with positive staining by both IF-F
and IF-P was 1.3þ and 2.8þ , respectively. Because of its
greater sensitivity, IF-P staining for kappa and lambda had
been performed originally for diagnostic purposes in all 10
cases of LCFS.
DISCUSSION
Formalin fixative is widely employed in the routine
processing of paraffin-embedded kidney sections prepared
for light microscopy. Formalin fixation achieves excellent
preservation of tissue morphology by cross-linking proteins,
a process that often blocks antigenicity. Treating the sections
with proteolytic enzymes can unmask antigenic sites for
immunohistochemistry. Antigen retrieval has proved effective
with trypsin, protease VII, protease XXIV, and pronase.1–5
Fogazzi et al.3 compared the sensitivity of the IF-F and
IF-P methodologies in 10 cases of IgAN, eight cases of MGN,
and 10 cases lupus nephritis. They found high percentage
Table 1 | Comparison between IF-F and IF-P in 71 renal biopsies
IgG IgM IgA C3
Glomerular disease
No. of
cases F P F P F P F P
Membranous glomerulopathy 8 2.9+ (8/8) 1.1+ (7/8) 0.1+ (1/8) 0.1+ (1/8) 0.4+ (2/8) 0 (0/8) 1.5+ (7/8) 0.1+ (1/8)
Membranoproliferative glomerulonephritis 5 0.9+ (2/5) 0.9+ (3/5) 1.6+ (5/5) 1.7+ (5/5) 0.4+ (1/5) 0.4+ (1/5) 2.7+ (5/5) 0.2+ (2/5)
Lupus nephritis 5 3+ (5/5) 2.4+ (5/5) 1.1+ (5/5) 0.5+ (2/5) 1+ (3/5) 0.7+ (3/5) 2+ (5/5) 0.2+ (2/5)
Acute postinfectious glomerulonephritis 5 0.4+ (1/5) 0.8+ (4/5) 0.9+ (3/5) 0.7+ (4/5) 0.1+ (1/5) 0.5+ (3/5) 2.8+ (5/5) 0.9+ (3/5)
IgA nephropathy 8 0.4+ (4/8) 0 (0/8) 0.6+ (5/8) 0.3+ (3/8) 2.8+ (8/8) 2.3+ (8/8) 1.8+ (8/8) 0.1+ (1/8)
Cryoglobulinemic glomerulonephritis 5 2.4+ (5/5) 2+ (5/5) 2.6+ (5/5) 2.4+ (5/5) 0.3+ (2/5) 0.2+ (2/5) 1.8+ (5/5) 0 (0/5)
Fibrillary glomerulonephritis 5 2.9+ (5/5) 2.8+ (5/5) 0.5+ (3/5) 0.8+ (3/5) 0 (0/5) 0 (0/5) 1.3+ (4/5) 0.2+ (1/5)
Anti-GBM disease 5 3+ (5/5) 0.6+ (5/5) 0.5+ (2/5) 0 (0/5) 0.2+ (1/5) 0 (0/5) 1.7+ (4/5) 0 (0/5)
Myeloma cast nephropathy (kappa) 2 — — — — — — — —
Myeloma cast nephropathy (lambda) 3 — — — — — — — —
Primary amyloid (kappa) 1 — — — — — — — —
Primary amyloid (lambda) 4 — — — — — — — —
Light-chain deposition disease (kappa) 5 — — — — — — — —
Light-chain Fanconi syndrome (kappa) 10 — — — — — — — —
C1q Kappa Lambda
Glomerular disease
No. of
cases F P F P F P
Membranous glomerulopathy 8 0 (0/8) 0 (0/8) 2.8+ (8/8) 1+ (7/8) 2.4+ (8/8) 0.7+ (5/8)
Membranoproliferative glomerulonephritis 5 0.3+ (2/5) 0.4+ (3/5) 1.3+ (4/5) 0.9+ (3/5) 1.1+ (4/5) 1+ (3/5)
Lupus nephritis 5 2+ (4/5) 1.9+ (5/5) 2.8+ (5/5) 2.4+ (5/5) 2.6+ (5/5) 2+ (5/5)
Acute postinfectious glomerulonephritis 5 0.4+ (1/5) 0.1+ (1/5) 0.6+ (2/5) 0.9+ (4/5) 0.7+ (3/5) 0.9+ (4/5)
IgA nephropathy 8 0 (0/8) 0 (0/8) 1.3+ (8/8) 0.5+ (3/8) 2.1+ (8/8) 0.9+ (6/8)
Cryoglobulinemic glomerulonephritis 5 0.9+ (4/5) 0.3+ (2/5) 2.4+ (5/5) 1.8+ (4/5) 2.2+ (5/5) 1.8+ (4/5)
Fibrillary glomerulonephritis 5 0.3+ (2/5) 0.6+ (2/5) 2.4+ (5/5) 2.6+ (5/5) 2+ (5/5) 1.7+ (5/5)
Anti-GBM disease 5 0.1+ (1/5) 0 (0/5) 2.2+ (5/5) 0.8+ (5/5) 1.9+ (5/5) 0.4+ (3/5)
Myeloma cast nephropathy (kappa) 2 — — 2.5+ (2/2) 2+ (2/2) 0.5+ (1/2) 0.5+ (1/2)
Myeloma cast nephropathy (lambda) 3 — — 0.3+ (2/3) 0 (0/3) 2.7+ (3/3) 2.7+ (3/3)
Primary amyloid (kappa) 1 — — 3+ 2+ 0 0.5+
Primary amyloid (lambda) 4 — — 0 (0/4) 0 (0/4) 2.8+ (4/4) 1.5+ (4/4)
Light-chain deposition disease (kappa) 5 — — 3+ (5/5) 1.3+ (5/5) 0.1+ (1/5) 0 (0/5)
Light-chain Fanconi syndrome (kappa) 10 — — 0.4+ (4/10) 2.6+ (10/10) 0 (0/10) 0.2+ (2/10)
F, immunofluorescence on frozen tissue; GBM, glomerular basement membrane; IF-P, immunofluorescence on deparaffinized, pronase-treated tissue; IF-F, immuno-
fluorescence on frozen tissue; P, immunofluorescence on deparaffinized pronase-digested tissue.
The numbers represent mean intensity of staining quantitated on a scale of 0 to 3+; the proportion of cases in each disease category showing any degree of positivity
(Xtrace) is indicated in parenthesis.
Table 2 | Percentage of cases in which diagnostic IF-P
findingsa were obtained
Diagnosis
% of cases with
diagnostic
findings on IF-P
Membranous glomerulopathy 4/8 (50%)
Membranoproliferative glomerulonephritis 3/5 (60%)
Lupus nephritis 5/5 (100%)
Acute post-infectious glomerulonephritis 5/5 (100%)
IgA nephropathy 7/8 (88%)
Cryoglobulinemic glomerulonephritis 5/5 (100%)
Fibrillary glomerulonephritis 5/5 (100%)
Anti-GBM disease 1/5 (20%)
Myeloma cast nephropathy 5/5 (100%)
Primary amyloid 5/5 (100%)
Light-chain deposition disease 4/5 (80%)
Light-chain Fanconi syndrome 10/10 (100%)
All cases 59/71 (83%)
GBM, glomerular basement membrane; IF-P, immunofluorescence on deparaffi-
nized, pronase-treated tissue; Ig, immunoglobulin.
aIF-P pattern was considered diagnostic based on the intensity and regularity of the
distribution of staining, interpreted in the context of the clinical history, light
microscopic, and ultrastructural findings.
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agreement of positive and negative cases and IF intensity
for the main antigen(s) of each disease type (IgG in
MGN, IgA in IgAN, and IgG and C1q in lupus nephritis).
Qualman et al.1 in their study of 52 renal biopsies of patients
with various renal diseases reported 80–90% rate of
agreement between IF on deparaffinized tissue after trypsin
digestion and IF-F with respect to the presence or absence
of IgG, IgM, IgA, and fibrinogen deposition. In another
study, IF on trypsin-digested tissue was as sensitive as
IF-F in detecting glomerular IgG, IgM, and IgA deposition
in 21 kidney biopsies from patients with different forms
of renal disease including lupus nephritis, MGN, and
IgAN.2
The sensitivity of IF on deparaffinized, protease-treated
renal tissue for detecting kappa and lambda light chains
has not been studied before. In this study, we obtained
excellent results for kappa and lambda in cases
of dysproteinemia-associated renal disease. Diagnostic
findings on IF-P were obtained in 24/25 (96%) cases
of dysproteinemia-associated renal disease (five primary
amyloidosis, five myeloma cast nephropathy, five light-chain
deposition disease, and 10 LCFS). Importantly, we found that
IF-P is more sensitive than IF-F in demonstrating the
proximal tubular intracytoplasmic crystals of kappa light
chain in cases of LCFS. The failure of the intratubular
crystalline inclusions to stain for kappa by IF-F can be
explained by extensive intracellular crystallization of the
light-chain protein, rendering the antigenic sites inaccessible
to antibody binding. Pronase digestion of the paraffin tissue
has the advantage of denaturing cell membranes and opening
out the antigenic epitopes sequestered within the crystalline
lattice.
Our results and those reported by Fogazzi et al.3 indicate
that IF-P is less sensitive than IF-F for detecting C3 tissue
deposits in all disease categories. Other studies have also
found that IF-F is more sensitive than IF on deparaffinized,
trypsin-digested tissue and the immunoperoxidase technique
on deparaffinized tissue following protease type XXIV or type
VII treatment for the demonstration of C3 glomerular
deposition.1,2,4,6 Yamashina et al.7 obtained satisfactory
staining for all complement components including C3 by
the avidin–biotin–peroxidase complex method on deparaffin-
ized tissue after a 15-min trypsin digestion.
The strong linear staining of GBM’s for IgG diagnostic of
anti-GBM disease could not be demonstrated by IF-P in this
study or by the immunoperoxidase technique on formalin-
fixed tissue in the study by Molne et al.5 Thus, IF-P and the
immunoperoxidase technique on formalin-fixed tissue ap-
pear to be too insensitive for the diagnosis of anti-GBM
disease.
In summary, our results indicate that IF-P is a valuable
salvage technique in cases lacking adequate cortical sampling
for IF-F, and is more sensitive than IF-F for detection of
proximal tubular intracytoplasmic crystals of kappa light
chain in cases of LCFS.
MATERIALS AND METHODS
IF on pronase-digested paraffin tissue (IF-P): Formalin-fixed, paraffin-
embedded tissue blocks from 71 renal biopsies (stored for up to
5 years) were studied. The staining protocol is detailed in Table 3.
Comparative IF-F evaluation of the 71 renal biopsies was
performed for diagnostic purposes within 1 day after tissue was
received in Zeus (Michel’s) transport medium (Zeus Scientific Inc.,
Branchburg, NJ, USA), washed, and snap frozen in optimal cutting
temperature embedding compound (Sakura Fine Technical; Tokyo,
Japan). Cryostat serial sections were cut at 3 mm, washed with
phosphate-buffered saline ( 3, 10 min each), fixed in acetone for
5 min, and air dried. Slides were then washed in phosphate-buffered
saline ( 3, 10 min each) and stained with fluorescein isothio-
cyanate-conjugated polyclonal rabbit antibodies (30 min), washed,
and mounted as described for IF-P. IF intensity was scored
semiquantitatively (on a scale of 0, trace 0.5, 1-3þ ). To control
for subjective differences in grading, the same renal pathologist who
had interpreted the IF-F findings on a given case subsequently
graded the IF-P findings, in a manner blinded to the previous IF-F
grading but not to the diagnosis.
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Table 3 | Procedure for IF on pronase-digested
paraffin-embedded tissue fixed in formalin
Cut 3mm serial sections on organosilane-coated slides.
Oven dry at 371C overnight (or at 601C for 15 min).
Deparaffinize: xylene  10 min ( 2), ethanol 100% 5 min ( 2),
95% 5 min.
Fast wash in distilled water (20 dips).
Rinse in Tris buffer pH 7.6 at 371C  30 min.
Incubate with pronase (Streptomyces griseus) (Sigma-Aldrich, St Louis,
MO, USA) 75 mg/100 ml of Tris buffer at 371C  60 min.
Stop enzymatic digestion with Tris buffer at 41C  40 min.
Rinse in PBS  10 min.
Incubate in a wet chamber at 41C  30 min with FITC-conjugated
polyclonal rabbit antibodies directed against IgG (dilution 1:20), IgM
(1:10), IgA (1:10), C3 (1:10), C1q (1:10), kappa (1:10), and lambda (1:10)
(Dako, Carpinteria, CA, USA).
Rinse with PBS 41C  10 min ( 2).
Mount in Vector Shield Aqueous Mounting Media (Vector Laboratories
Burlingame, CA, USA).
Examine slides under a dark field ultraviolet (IF) microscope.
FITC, fluorescein isothiocyanate; Ig, immunoglobulin; PBS, phosphate-buffered saline.
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